Describing and evaluating the basic principles and methods of subsurface sensing and imaging, clear and comprehensive treatment links theory to a wide range of realworld applications in medicine, biology, security and geophysical/environmental exploration. It integrates the different sensing techniques (acoustic, electric, electromagnetic, optical, X-ray, or particle beams) by unifying the underlying physical and mathematical similarities, and computational and algorithmic methods. Timedomain, spectral, and multisensor methods are also covered, whilst all the necessary mathematical, statistical, and linear systems tools are given in useful appendices to make the book self-contained. Featuring a logical blend of theory and applications, a wealth of color illustrations, homework problems, and numerous case studies, this is suitable for use as both a course text and as a professional reference. On rare occasions, one encounters a book that defines a field. Such is the character of Introduction to Subsurface Imaging by Bahaa Saleh (Editor and Principal Author). The book is authoritative, comprehensive, beautifully illustrated, and clearly written. It will remain the definitive work on this subject for years to come.
Introduction to Subsurface Imaging takes a unique application-oriented approach to image science. The result is a powerful survey including physical phenomena ranging from millimeter waves to x-rays and state of the art image analysis estimation algorithms. The quality, quantity and clarity of the graphics and images presented, of central importance to an imaging text, is particularly noteworthy.
David Brady, Duke University
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In many sensing and imaging problems, the object is covered by some medium that conceals or obscures its relevant features. The object may emit some wave, field, or stream of particles that penetrate the medium and may be observed by a detector. Alternatively, a wave, field, or stream of particles may be used as a probe that travels through the medium and is modified by the object before it travels back through the medium on its way to the detector. The challenge is to extract information about the subsurface target in the presence of the obscuring medium. Subsurface imaging (SSI) problems arise in a wide range of areas: geophysical exploration or environmental remediation under the earth or the ocean, medical examination and diagnosis inside the body, basic studies of the biological processes inside the cell, and security inspections for explosives or contraband concealed in luggage. While these problems involve many sensing modalities (mechanical, acoustic, electric, magnetic, electromagnetic, optical, X-ray, electrons, or other particles), they all seek to infer internal structure from complex and distorted signals received outside the obscuring volume. They often employ similar physical and mathematical models and use similar computational and algorithmic methods.
This textbook introduces the field of subsurface imaging, its principles, methods, and applications, using a unifying framework that strives to integrate the diverse topics, which are often presented separately in different science and engineering textbooks or in various venues of the research literature. A unifying multidisciplinary approach is critical to exploiting the commonalities that exist among these disparate subsurface imaging problems. A diverse problems, similar solutions strategy should help in changing the present compartmentalized approach to such problems and stimulate cross-disciplinary dialog.
Breadth and depth. One of the most challenging aspects of writing a textbook on an interdisciplinary subject dealing with a rich variety of topics, such as SSI, is to strike the right balance between breadth and depth. We have endeavored to maintain a reasonable depth of exposition of the basics and an adequate level of the mathematical treatment, along with a sufficiently broad coverage of many state-of-the-art technologies. Our goal is to help in the education of a new generation of students with an awareness of the commonalities that often underlie diverse technologies, as well as situations requiring a multidisciplinary approach.
Emphasis. For a textbook of a necessarily limited length, it is essential to limit the scope by judicious selection of areas of emphasis. Here, we emphasize fields and waves, including electromagnetic waves at various regions of the spectrum and acoustic waves, as the SSI probes, rather than particles such as electrons and positrons, which are also used in SSI. We adopt a linear systems approach to describe wave propagation through the medium and interaction with the target, and use linearizing approximations to model image formation. Likewise, in solving inversion problems, the emphasis is on use of linear methods and matrix techniques.
Readership. This textbook is suitable for a course on SSI serving seniors or firstyear graduate students in electrical, mechanical, or biomedical engineering; or physics, geoscience, or computer science. To make it self-contained for the various audiences, ix www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-1-107-00081-0 -Introduction to Subsurface Imaging Bahaa Saleh Frontmatter More information x Preface a number of appendices cover prerequisite mathematical and engineering topics. Our ultimate aim is to help prepare students for further graduate study or employment in government and industry in areas of sensing and imaging in the broad domain of environmental, medical, biological, industrial, and defense applications.
Examples and problems.
A number of examples are distributed throughout the text and a set of problems are provided at the end of each chapter. Problems are numbered in accordance with the chapter sections to which they apply.
Book website. A website (http://www.cambridge.org/saleh) provides image data for use in the problem sets, a Solutions Manual with solutions to selected problems accessible only to registered instructors, as well as PowerPoint slides for the use of instructors.
This textbook was written under the auspices of the The Bernard M. Gordon Center for Subsurface Sensing and Imaging Systems (Gordon-CenSSIS). A multiuniversity National Science Foundation Engineering Research Center (NSF-ERC), Gordon-CenSSIS was founded in 2000 with a mission to develop new technologies for the detection of hidden objects -and to use those technologies to meet realworld subsurface challenges in areas such as noninvasive breast cancer detection and underground pollution assessment. The Center's multidisciplinary approach combines expertise in wave physics (electromagnetics, photonics, and ultrasonics), multisensor fusion, image processing, and tomographic reconstruction and visualization. In order to achieve its mission the Center has undertaken an effort to blend this expertise into the creation of the common building blocks needed for a unifying approach to attack the diverse problems associated with subsurface detection and imaging.
Over the years a number of undergraduate and graduate level courses in SSI were developed and taught at the four core university partners of Gordon-CenSSIS (Northeastern University, Boston University, Rensselaer Polytechnic Institute, and the University of Puerto Rico at Mayagüez). The textbook represents the distillation of the material from these Center-affiliated courses into one common framework. As indicated above, it is hoped that this framework will form the basis of a systematic discipline focused on the methodology of finding hidden things. As with any discipline, it is anticipated that its framework will evolve and mature through the contributions of those students, researchers, and practitioners who grapple with the material and make it their own. This maturation and growth of the field of SSI sparked by the SSI textbook will hopefully become a lasting legacy of Gordon-CenSSIS and the many colleagues who contributed to its development. its development: Center Director Michael Silevitch;
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